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U-Shaped Mechanical Activation 4 U?*
Frits W. Prinzen, PHD,y Wilco Kroon, PHD,y Angelo Auricchio, MD, PHDz
Maastricht, the Netherlands; and Lugano, SwitzerlandInitially, cardiac resynchronization therapy (CRT)
was advocated for patients with any widened QRS
complex. However, clinical evidence is increasing
that left bundle branch block (LBBB) is the elec-
trical substrate that is most amenable to CRT (1).
Such improvement seems independent of the degree
of heart failure or ejection fraction, in both animal
(2) and clinical studies (3,4). In patients with non-
LBBB patterns of activation, CRT might even
worsen outcomes (1). Therefore, a proper diagnosis
of the activation pattern is of great importance.
Detailed electrocardiographic analysis is an impor-
tant diagnostic tool that can be supported by invasive
or noninvasive mapping of electrical activation. Such
mapping studies have shown that “true” LBBB co-
incides with a U-shaped pattern of activation (5).
See page 864
U-shaped activation has distinct electrical acti-
vation features: 1) prolonged transseptal conduction
time or prolonged time from endocardial right
ventricular activation to left ventricular (LV) endo-
cardial breakthrough; 2) a single, apical or septal,
LV breakthrough site; 3) functional line of con-
duction block; and 4) prolonged endocardial LV
activation time (see Figs. 2 and 3 in Prinzen and
Auricchio [6]).
In this issue of iJACC, Sohal et al. (7) introduce
mechanical imaging of U-shaped activation. This*Editorials published in JACC: Cardiovascular Imaging reﬂect the views of
the authors and do not necessarily represent the views of JACC: Cardio-
vascular Imaging or the American College of Cardiology.
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and Biotronik.seems to be a reasonable approach, because experi-
mental studies have shown a close relationship be-
tween patterns of electrical activation and the onset of
shortening (8). The investigators mapped LV me-
chanical activation using a novel noninvasive analysis
of cine magnetic resonance imaging, tracking the
endocardial contours (7). It is commendable that
these investigators focused on the sequence of
contraction rather than just the directionless extent of
dyssynchrony. They identiﬁed 2 patterns of me-
chanical activation: pattern I, represented by a ho-
mogenous spread from the septum to the lateral wall,
and pattern II, represented by the “U-shaped” acti-
vation sequence. Type II mechanical activation was
found to correlate with CRT response.
The report is primarily descriptive and does not
mention a quantitative criterion (e.g., the length of the
block) required to classify activation as pattern II.
Earlier electrical studies showed that the location and
length of the line of block are highly variable and
related to the site and time of LV breakthrough (5).
Patients with QRS durations <150 ms usually have
shorter lines of block that are more basally located.
The clinical implication of this observation is that in
patients with anterior lines of block, placement of LV
leadsmay be less critical than in thosewith shorter and
more basally located lines of block.
The report by Sohal et al. (7) lacks detailed
electrophysiological information that may shed light
on the precise relationships among the various
components of the LV electrical activation sequence
and the observed mechanical abnormalities. No data
are presented about whether (only) the “pattern II”
patients had LBBB. This information would have
been useful in the multivariate analysis of the
outcome measures in the investigators’ Table 3. On
the basis of data from the MADIT-CRT (Multi-
center Automatic Deﬁbrillator Implantation Trial
With Cardiac Resynchronization Therapy), the
better response in type II patients could be due to
the presence of LBBB (1). The comparison with
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875electrical activation mapping in 5 patients is inter-
esting but does not provide a quantitative validation.
The images from the single patient presented in
Figure 5 suggest that the electrical and mechanical
activation pattern correspond to the anterior wall,
but the posterior wall is not shown for the electrical
map.
The predictive value of a U-shaped mechanical
activation is not compared with that of other indices
of mechanical “discoordination,” such as septal
rebound stretch and septal ﬂash, although the same
group has studied the latter (9). Both indicators of
mechanical discoordination are highly predictive of
CRT response (9,10). The group has shown that
patients with large septal ﬂash on M-mode echo-
cardiography had the typical “U-shaped” electrical
activation pattern (9). This suggests that septal ﬂash
and “U-shaped” mechanical activation may be
equivalent indicators of response to CRT. However,
echocardiographic assessment is much simpler,
more frequently available, and certainly more cost
effective than cine magnetic resonance imaging.
The method is described in an incomplete
manner. The “prototype” algorithm is said to track
endocardial wall motion in the entire LV wall
during the cardiac cycle. This description sug-
gests that this technique is essentially a dynamic
and 3-dimensional equivalent of M-mode echo-
cardiography. The ﬁgures show the propagating
contraction front, but it is not clear whether the
propagation reﬂects the onset or the peak of wall
motion. The use of the term “contraction” is
certainly incorrect, because “contraction” refers to
active force development, which is not determined.
Local wall motion depends on more factors than
local contraction alone. In particular, in LBBB, the
motion of the septum is a function of its own
contractility and of the pressures in the LV andright ventricular cavities (11). The U-shaped acti-
vation pattern might be explained by an ante-
roseptal loss of contractility (scar), because the
region remains “red” throughout the entire cycle. It
might also be explained by a relatively thin anterior
part of the septum (due dyssynchrony-induced
asymmetric atrophy) (12). In that case, that wall
segment might be too thin to withstand forces
generated by adjacent regions.
The presented cine magnetic resonance imaging–
based method is a powerful one, although it is only
reasonable to mention that tagged magnetic reso-
nance acquisition has improved signiﬁcantly, with
signiﬁcantly shorter acquisition, less pronounced tag
fading, and the ability to perform full 3-dimensional
strain imaging (13). Also, tagging analysis has
become considerably easier and faster (14). As such,
tagged magnetic resonance remains an attractive
technique for “gold-standard” strain imaging,
arguably surpassed by echocardiography regarding
availability, simplicity, and cost-effectiveness. Inte-
grating the measured strains with computational
models may further improve diagnosis (11).
Sohal et al. (7) have identiﬁed a “U-shaped”
sequence of endocardial wall motion as a potentially
valuable marker that could be used to identify CRT
responders. The description of mechanical activa-
tion in terms of sequence rather than degree of
dyssynchrony seems valuable and may inspire future
studies to pinpoint the relationship between this
new index and existing electrical and mechanical
ones and to evaluate the clinical value of this index
in larger studies.
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